June 1, 1965 G ,187,190

J. H. LAN 3
CONTRAROTATING HYDROELECTRIC MACHINES INCLUDING
SYNGHRONOUS AND ASYNCHRONOUS GENERATORS
Filed Nov. 20, 1962

G He_o‘,__“ 21

~~i8
[ / 4 13
)
p—] 7 7 14
an Tan! A
2 15
i '
il
i NS <
R
i 7
; g 7
”’/a /
/
Y
: 71
AN
8 N I
= -
INVENTOR.
JOHANN H. LANG

BY

%d dA:TT OFNEY,




United States Patent Office

3,187,150

Patented June 1, 1965

1

5,187,190

CONTRAROTATING HYDROELECTRIC MA-
CHINES INCLUDING SYNCHRONQOUS AND
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This invention relates to new and improved contra-
rotating hydroelectric machines and has particular ref-
erence to the provision of new and improved means for
establishing and maintaining control of the torque ratio
of the two contrarotating elements of such machines at
all loads. :

In the last attempts to solve this problem have em-
ployed two direct current electric machines. Other at-
tempts have involved the use of a duplex differential
‘planetary gear train located in the water wheel hub.

Where two direct current electric machines were ufi-
lized, it was found that such were generally unsatisfactory.
The direct current machines were found to be subject to
economic size limitations. Furthermore, electric grid
systems throughout the world are generally A.C. The
inverter equipment necessary that these direct current
machines be usable with these A.C. systems was found
to be extremely expensive; as were, in fact, the direct
‘current machines themselves. Other objections arose to
the use of such a system both due to the bulk of said
direct current machines and the impracticality of such
machines in many installations. -

Where the duplex differential planetary gear train in
the hub was used, it was found that the size of the differ-
ential planetary gears was limited by the size of the hub.
Furthermore, gearing so located is inaccessible and vul-
nerable to leaking seals. Location of the gearing ex-
ternally of the water wheel hub is expensive and involves
a considerably complicated design. :

It is an object of the present invention to provide a
contrarotating hydroelectric machine for use in conjunc-
‘tion with an alternating current electric power system,
which machine is provided with means for controlling the
torque ratio of the two contrarotating elements.

Another object of the invention is to provide a new and
- improved device of the type set forth which operates with
high efficiency over a wide range of operating regimes.

Another object of the invention is to provide a contra-
rotating hydroelectric machine having means for con-
trolling the torque ratio of the two contrarotating elements
wherein the torque controlling means are monitored by
. signals from sensors responsive to variation of torsicnal
stress in the driving shafts or to variations of electric
power or to swirl in the water wheel outflow.

Other objects and advantages of the invention will be
apparent from the foregoing description taken in con-
nection with the accompanying drawing. It will be under-
stood that changes may be made in the details of con-
struction and that the arrangement of parts shown and
described is the preferred form of the invention given
by way of illustration only.

The single drawing figure is a diagram illustrating a
hydroelectric machine and a system for controlling the
torque ratio of its contrarotating water wheels.

In the following description and the appended claims,
the terms “fixed-pitch” and “variable-pitch” are used with
reference to water wheels, - Where the water wheels are
of the axial flow type, these terms are self explanatory;
but it is to be understood that the full meaning of the
term “pitch” in the context of this disclosure is “specific
speed at maximum efficiency.” In the interests of brevity
and clarity the single word “pitch” will be employed
hereinafter with reference to all types of water wheels,
whether turbine runner or pump impeller and whether
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Totates within throat ring 3.
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agial, radial, or tangential flow or any combination of
these.

In the case of a single wheel hydraulic machine, rota-
tion is imparted to the water passing through the wheel,
In such single wheel machines, it may happen that at one
point in the load range the rotation imparted to the water
by the wheel cancels rotation imparted to the water before
reaching or after leaving the wheel. From the viewpoint
of efficiency this is desirable, however, the ideal would be
the elimination of swirl from the outflow of the machine
throughout the entire load range.

. In a contrarotating hydraulic machine the rotation im-
parted to the water passing through one of the two water
wheels may be modified or cancelled by the rotation
imparted to the water by the other wheel.

From the viewpoint of efficiency, the ideal might be
for water to approach the upstream wheel without swirl
and to leave the downstream wheel without swirl, In
this case, the requirement would be for the torque ratio
of the two wheels to be unity, There may be, however,
good reasons why, even though it involves a compromise
as regards efficiency, the torque ratio of the two wheels
should be other than umity, and further reasons why the
actual value of the torque ratio should vary with the
load factor. Such reasons may have their origin in the
design of the upstream and/or downstream water pas-
sages, variations of hydraulic head, and avoidance of
cavitation.

A realistic compromise with the ideal is to establish
control over the ratio of torgues in the water wheels of
a contrarotating machine so that it may be operated at
all points in the load range as near to ideal conditions as
practicable,

In large hydroeleciric machinery the electric power is
usually in the form of alternating current at the frequency
of a targe grid system of which the hydroelectric machine
is a relatively smali component. It is necessary, therefore,
if the machine is to be associated with such an alternating
current grid system, that it must either use or deliver
electric power at the frequency of the grid. That is to
say that, when the two water wheels of a confrarotating
hydroelectric machine are of the fixed pitch type, since
they are always subject to identical mass flow of water,
the speed of at least one of them must be varied in order
to achieve a change of the torque ratio.

In a contrarotating hydroelectric machine constructed
in accordance with this invention, both water wheels are
of the fixed pitch type. One wheel is coupled to a syn-
chronous electric machine synchronized with the grid;
this wheel, therefore, runs at fixed speed. The other
wheel is coupled to an alternating current electric ma-
chine having a variable slip characteristic whereby, though
connected with the grid, it may run asynchroncusly; in
other words, by varying the slip of this electric machine,
the speed of its water wheel is varied, and consequently
its torque also. It will be apparent that by controlling
slip of the asynchromous electric machine, the torque
ratio of the two wheels, and therefore, the swirl in the
outflow, may be controlled.

Referring to the drawing, the device shown comprises
a water passage 4, a portion of which water passage 4 is
formed by a throat ring 3, a fixed pitch axial flow type
water wheel 1 is mounted upon a hollow shaft 6 and
Concentric with hollow
shaft 6 is an inner shaft 5; a second fixed pitch axial flow
type water wheel 2 is mounted upon inner shaft 5 and

rotates within throat ring 3, water wheel 1 and water

wheel 2 being contrarotating.

Hollow shaft 6 runs in guide bearing 7 which is located
by means of the spider 16 adjacent water wheel 1.

A guide bearing 8 is located between hollow shaft §
and inner shaft 5 in the plane of water wheel 1.
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The end of hollow shaft ¢ remote from water wheel 1
is connected to lower rotor 9, directly below which is
located main thrust and guide bearing 10.

Inner shaft 5 is connected at its end remote from water
wheel 2 to upper rotor 11; upper thrust and guide bearing
12 is located between lower rotor 9 and upper rotor 11.

Lower rotor 9 and upper rotor 11 rotate within a
common armature housing 13. Armature housing 13 is
provided with separate windings 14 and 15 corresponding
with rotors 11 and 9 respectively. :

The lower electric machine, comprising rotor ¢ and
winding 15, is of the synchronous type. The upper elec-
tric machine comprising rotor 11 and winding 14 has a
variable slip characteristic and may be of the wound
rotor induction type as indicated in the drawing, having
_slip rings 17 and a resistor 18 for controlling the resistance
of the rotor winding, or it may be of the commutator
‘type having movable brushgear.

The currents in windings 14 and 15 are functions of the
torques in water wheels 2 and 1 respectively, said cur-
rents being measured and compared in the conventional
comparator circuit 19. Amplifier 20 amplifies signals

from comparator 19 for actuator 21 which actuates the

resistor 38 in the embodiment of the invention illus-
trated in the drawing.  In an embodiment of the invention
employing a commutator type induction machine actuator
21 would actuate movable brushgear.

Flectric signals from comparator circuit 19 are trans-
lated into.slip changes of rotor 11, which is to say, speed
changes of rotor %1 and water wheel 2 resulting in torque
changes; consequently, the torque ratio of the water wheels
1 and .2 is changed so as to provide the desired swirl in
the outflow of water passage 4. When this desired swirl
is achieved, the adjustment of the resistor 18 ceases as the
desired torque ratio has been established. ’

it is to be understood that the upper electric machine,
instead of being a variable slip induction machine, could
equally well without departing from the nature or spirit
of the invention be a direct current machine -or a syn-
chronous type alternating current machine with rectifi-
cafion, subsequent inversion being applied to the output
in either case. -

The -torques ‘in the water wheels 1 and 2 could be
measured by evaluation of the torsional stresses in the
shafts 6 and 5 respectively. These torsional stresses, as
measured by strain gauges, for example, could be em-
ployed as signals in comparator 19 instead of the currents
in the windings 15 and 14. - ‘

Furthermore, swirl in the outflow of water passage 4

might be measured by means of a simple vane whose ;

angular movements could be employed to generate sig-
nals ‘which, amplified in the amplifier 29, could be em-
ployed to adjust the torque ratio of water wheels 1 and 2
until the desired swirl is achieved.

The operation of the invention is believed apparent
from the foreging description.

Thus, it will be seen that I have provided new and
improved means for accomplishing all of the objects and
advantages of the invention.

1 claim:

1. In combination, a constant speed hydroelectric ma-
chine; a confrarotating variable’ speed hydroelectric
machine; a fixed pitch water wheel for each machine,
said ‘water wheels being adapted to operate in a common
water stream; means for apportioning the torque devels
oped by the two machines for nearly optimum hydrautic
efficiency of the combination throughout the normal op-
erating range of the machines comprising means for ob-
taining from each hydroelectric machine a signal repre-
senting the forque developed by the machine; means for
comparing said signals to obtain a control signal repres
senting the difference of said torques; and means for
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applying said control signal to control the speed of said
variable speed machine so as to maintain said optimum
hydraulic efficiency.

2. In combination, a constant speed hydroelectric
machine; a contrarotating varfable speed . hydroelectric
machine; a fixed pitch water -wheel" for each machine,
said water wheels being adapted to operate in a common
water stream; means for controlling the torque rafio of
said ‘hydroelectric machines  comprising means for ob-
taining from each hydroelectric machine a signal rep-
resenting ¢he torque developed by the machine; means for
comparing said signals to obtain a control signal repre-

senting the difference of said torques, and means for

applying said control signal to control the speed of said
variable speed machine so as to maintain said torque
ratio within preset limits.

3. In combination, a constant speed hydroelectric
machine; a contrarotating variable speed hydroelectric
machine; a fixed pitch axial flow water wheel for each
machine, said water wheels being coaxial and closely
spaced axially for operation in a common water stream;
means for controlling the torque ratio of said hydroelec-
tric .machines comiprising: means for obtaining a signal
from each machine representing the electric loading
thereon; means for comparing said signals to obtain a
control signal representing the difference of said loadings;
and means for applying said control signal to control the
speed of said variable speed machine so as to maintain
said torque ratio within preset limits:

4. In combination, a hydroelectric machine having
contrarotating, axial flow, fixed pitch,. coaxial water
wheels operating in closely spaced axial relation in 2
common ‘water stream and a shaft for each water wheel
for driving the machine; means for controlling the torque
ratio of said shafts comprising means for obtaining for

each shaft a signal representing the torque developed

therein; means for comparing said signals to obtain a
control signal representing the difference of said torques;
and means for applying said control signal to vary the
speed of one water wheel in relation to the other water
wheel so as to maintain said torque ratio within preset
limifts. )

5. In combination, a synchronous hydroelectric ma-
chine; a contrarotating asynchronous hydroelectric ‘ma-
chine; a fixed pitch axial flow water wheel for each
machine, said water wheels being coaxial and closely
spaced axially for operation in a common water stream;

means for controlling the speed differential between said g

synchronous and asynchronous machines so as to main-
tain the torque ratio of the two machines within preset
limits comprising means for obtaining a signal frem each

machine representing the electric loading thereon; means. .

for comparing said signals to obtain a control signal rep-
resenting the difference of said loadings; and means for
applying said control signal to control the speed of said
asynchronous machine and thereby said speed differential.

6. The combination defined in claim 5 wherein said
asynchronous machine is an induction machine having
a wound rotor and a variable tesistor in series with the
rotor winding, and wherein said control signal is applied
1o vary the resistance of said resistor and thereby control
the slip speed of said rotor, said slip speed being the
speed differential mentioned in claim 5.
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